
@  Publication  number:  0 1 5 3   0 2 7  
A 2  

©  EUROPEAN  PATENT  APPLICATION 

@  Application  number:  85300473.7  ©  Int.  CI.4:  H  04  N  9 / 7 9  

@  Date  of  filing  :  24.01  .85 

@>  Priority:  24.01.84  JP  9447/84  ®  Applicant:  FUJI  PHOTO  FILM  CO.,  LTD,  798  Miyanodai 
Kalsei-Cho,  Ashigarakami-Gun  Kanagawa-Ken  (JP) 

@  Inventor:  Nagano,  Masahlko  c/o  Fuji  Photo  Film, 
No.  798  Miyanodai  Kaisei-Cho,  Ashigarakami-Gun 

©  Date  of  publication  of  application:  28.08.85  Kan  ag  awa-  Ken  (  J  P) 
RniinHn  m/ik  Inventor:  Sakaki,  Naoaki  c/o  Fuji  Photo  Film, 

No.  798  Miyanodai  Kaisei-Cho,  Ashigarakami-Gun 
Kanagawa-Ken  (JP) 

@  Representative  :  Horton,  Andrew  Robert  Grant  et  al, 
_  BOULT,  WADE  &  TENNANT  27  Furnival  Street,  London, 
@  Designated  Contracting  States  :  DE  FR  GB  EC4A  1  PQ  (GB) 

@  Recording  and  reproducing  system  for  color  video  signals. 

  A color video signal recording system comprises means (5, 
6)  for  producing  a  quadrature  two-phase  balance-modulated 
color  signal  by  subjecting  a  subcarrier  to  quadrature  two-phase 
balanced  modulation  by  two  color  signals,  means  (10)  for  pro- 
ducing  a  demodulation-purpose  reference  phase  signal  which 
has  the  same  frequency  as  that  of  the  subcarrier  and  which  is 
to  be  frequency-interleaved  with  said  quadrature  two-phase 
balance-modulated  color  signal,  means  for  multiplexing  said 
quadrature  two-phase  balance-modulated  color  signal  and  said 
demodulation-purpose  reference  phase  signal  together  with  a 
carrier  luminance  signal,  and  means  (14)  for  recording  said 
multiplex  signal. 

The  system  minimizes  deviation  of  hues  from  the  original 
as  well  as  that  of  color  saturation  from  the  original  and  elimi- 
nates  drop-out  or  missing  of  color  information,  thereby  ensur- 
ing  a  high  quality  of  reproduced  pictures. 



This   i n v e n t i o n   r e l a t e s   to  a  r e c o r d i n g   and  r e p r o d u c -  

ing  sy s t em  fo r   c o l o r   v i d e o   s i g n a l s ,   and  more  p a r t i c u l a r l y  

to  an  improved   chroma  s i g n a l   r e c o r d i n g   and  r e p r o d u c i n g  

s y s t e m   which  m i n i m i z e s   d e v i a t i o n   of  hues  from  the  o r i g i n a l  

as  w e l l   as  t h a t   of  c o l o r   s a t u r a t i o n   from  the  o r i g i n a l   a n d  

e l i m i n a t e s   d r o p - o u t   or  m i s s i n g   of  c o l o r   i n f o r m a t i o n ,   t h e r e b y  

e n s u r i n g   a  h i g h   q u a l i t y   of  r e p r o d u c e d   p i c t u r e s .  

V a r i o u s   t y p e s   of  chroma  s i g n a l   r e c o r d i n g   and  r e p r o -  

d u c i n g   s y s t e m s   have  h i t h e r t o   been  p r o p o s e d .   Two  t y p e s   o f  

the  l o w - b a n d   c o n v e r s i o n   t ype   and  the  c o l o r - d i f f e r e n c e   l i n e -  

s e q u e n t i a l   FM  type   a re   t y p i c a l   of  t h o s e   commonly  e m p l o y e d  

in  a  m a g n e t i c   p i c t u r e   r e c o r d i n g   and  r e p r o d u c i n g   a p p a r a t u s  

for   c o m m e r c i a l   use  such  as  v i d e o   t ape   r e c o r d e r s .   The  b a s i c  

p r i n c i p l e ,   m e r i t s   and  d e m e r i t s   of  t h e s e   two  t y p e s   w i l l   now 

be  d e s c r i b e d .  

(1)  Low-band  c o n v e r s i o n   t y p e :  

A c c o r d i n g   to  t h i s   t y p e ,   a  s u b c a r r i e r   is  s u b j e c t e d  

to  q u a d r a t u r e   t w o - p h a s e   b a l a n c e d   m o d u l a t i o n   by  two  c o l o r  

d i f f e r e n c e   s i g n a l s   to  o b t a i n   a  m o d u l a t e d   c h r o m i n a n c e   s i g n a l  



commonly  used   in  the  NTSC  s y s t e m   or  PAL  sys t em,   the  f r e q u e n c y  

band  of  the   c h r o m i n a n c e   s i g n a l   b e i n g   t hen   c o n v e r t e d   i n t o  

t h a t   l ower   t h a n   the   FM  band  of  a  l u m i n a n c e   s i g n a l ,   and  t h i s  

l o w - b a n d   c o n v e r t e d   c h r o m i n a n c e   s i g n a l   is   s u p e r p o s e d   on  t h e  

FM  l u m i n a n c e   s i g n a l   to  be  r e c o r d e d   t o g e t h e r   wi th   the  l u m i -  

nance   s i g n a l .   In  the   p l a y b a c k   mode,  t he   l ow-band   c o n v e r t e d  

c h r o m i n a n c e   s i g n a l   is  s e p a r a t e d   from  the   r e p r o d u c e d   s i g n a l  

to  be  t hen   r e s t o r e d   to  the   o r i g i n a l   h i g h - b a n d   c h r o m i n a n c e  

s i g n a l   by  a  f r e q u e n c y   c o n v e r t e r .  

T h e r e f o r e ,   the  l o w - b a n d   c o n v e r s i o n   type  e x h i b i t s   t h e  

f o l l o w i n g   m e r i t s   (a-1)  to  (a -4)   among  o t h e r s .  

(a-1)   By  v i r t u e   of  the   q u a d r a t u r e   t w o - p h a s e   b a l a n c e d   modu-  

l a t i o n ,   two  c o l o r   d i f f e r e n c e   s i g n a l s   can  be  r e c o r d e d   i n  

m u l t i p l e x   w i t h o u t   w i d e n i n g   the   f r e q u e n c y   band  o c c u p i e d .  

(a-2)   The re   o c c u r s   a  t ime  base   v a r i a t i o n   in  the  r e p r o d u c e d  

s i g n a l   when  the   speed   of  the   m a g n e t i c   r e c o r d i n g   medium 

moving  r e l a t i v e   to  the  m a g n e t i c   head  v a r i e s .   Because   t h i s  

t i m e   base   v a r i a t i o n   c a u s e s   m e r e l y   a  p h a s e   v a r i a t i o n   of  t h e  

c h r o m i n a n c e   s i g n a l   of  a  low  f r e q u e n c y ,   the  f r e q u e n c y   b a n d  

c o n v e r s i o n   a f t e r   r e p r o d u c t i o n   of  the   c h r o m i n a n c e   s i g n a l  

i n t o   i t s   o r i g i n a l   h i g h - f r e q u e n c y   band  a l l e v i a t e s   the  e f f e c t  

of  t he   t ime  base   v a r i a t i o n .  

(a-3)   The  s i m p l e   p r o c e d u r e   of  c o n v e r t i n g   the  f r e q u e n c y  

band  of  the  c h r o m i n a n c e   s i g n a l   i s   m e r e l y   r e q u i r e d   f o r  

r e c o r d i n g   and  r e p r o d u c i n g   c o l o r   TV  s i g n a l s   used  in  t h e  

NTSC  s y s t e m   or  PAL  s y s t e m .  



(a-4)  As  the  c a r r i e r   c h r o m i n a n c e   s i g n a l   is  p r o v i d e d   by  

m o d u l a t i o n   a c c o r d i n g   to  an  AM  mode,  no  bea t   i n t e r f e r e n c e  

o c c u r s   even  when  a d j o i n i n g   two  t r a c k s   a r e  s c a n n e d   s i m u l -  

t a n e o u s l y   by  the   m a g n e t i c   head  in  the  p l a y b a c k   mode,  a n d  

c r o s s t a l k   can  be  e a s i l y   e l i m i n a t e d   by  means  of  phase   s h i f t  

(PS)  or  phase   i n v e r s i o n   (P I ) .   Thus,   t h i s   type   is  s u i t a b l e  

for   g u a r d b a n d - l e s s   r e c o r d i n g .  

On  the  o t h e r   hand,   the  l ow-band   c o n v e r s i o n   t y p e  

has  d e m e r i t s   l i s t e d   b e l o w .  

(b-1)  S ince   m o d u l a t i o n   is  a c c o r d i n g   to  an  AM  mode,  a  l e v e l  

v a r i a t i o n   o c c u r r i n g   in  the  r e p r o d u c e d   s i g n a l s   c a n n o t   be  

removed,   r e s u l t i n g   in  d e v i a t i o n   of  c o l o r   s a t u r a t i o n   f r o m  

the   o r i g i n a l .  

(b-2)  S i n c e   the   c a r r i e r   c h r o m i n a n c e   s i g n a l   does  not  i n c l u d e  

the  c a r r i e r   c o m p o n e n t ,   a  c o n t i n u o u s   r e f e r e n c e   c a r r i e r   h a v i n g  

the   s a m e  f r e q u e n c y   and  phase   must  b e  p r o v i d e d   and  used  f o r  

s y n c h r o n o u s   d e t e c t i o n   d u r i n g   d e m o d u l a t i o n   of  the  c o l o r  

s i g n a l .   However ,   when  a  t ime  base  v a r i a t i o n   is  p r e s e n t  

in  the  r e p r o d u c e d   c h r o m i n a n c e   s i g n a l ,   the   r e f e r e n c e   c a r r i e r  

f a i l s   to  c o m p l e t e l y   f o l l o w   up  the  t ime  base  v a r i a t i o n   r e s u l t -  

ing  in  d e v i a t i o n   of  hue  from  the  o r i g i n a l ,   even  when,  a n  

APC  c i r c u i t   is  i n c o r p o r a t e d   to  p r o d u c e   the  r e f e r e n c e   c a r r i e r  

on  the  b a s i s   of  the   c o l o r   b u r s t   s i g n a l .  

(b-3)  S ince   the   l o w - b a n d   c o n v e r t e d   c o l o r   s i g n a l   is  s u p e r -  

posed   on  the  FM  l u m i n a n c e   s i g n a l   to  be  r e c o r d e d   t o g e t h e r ,  

when  a  d i s t o r t i o n   of  t h i r d   o r d e r   t y p i c a l   of  m a g n e t i c   r e c o r d i n g  



a p p e a r s   in  the  r e c o r d i n g   and  r e p r o d u c i n g   sys t em,   a  b e a t  

i n t e r f e r e n c e   (moire)   due  to  c r o s s   m o d u l a t i o n   a p p e a r s   i n  

the   r e p r o d u c e d   l u m i n a n c e   s i g n a l .   In  o r d e r   to  a l l e v i a t e  

t h i s   moi re   i n t e r f e r e n c e ,   i t   is  n e c e s s a r y   to  s e l e c t   t h e  

f r e q u e n c y   of  s u b c a r r i e r   c o n v e r t e d   i n t o   the  low  band  at   a  

s p e c i a l   v a l u e   to  u t i l i z e   the   i n t e r l e a v i n g   e f f e c t   or  t o  

p r e c i s e l y   r e s t r i c t   t he   l e v e l   of  the   low-band   c o n v e r t e d  

c o l o r   s i g n a l   r e l a t i v e   to  the  FM  l u m i n a n c e   s i g n a l .  

In  r e g a r d   to  the  l e v e l   v a r i a t i o n   d i s c u s s e d   i n  

( b - 1 ) ,   i n c o r p o r a t i o n   of  a  c o n v e n t i o n a l   AGC  c i r c u i t   w h i c h  

c o n t r o l s   the   g a i n   on  the  b a s i s   of  the   d e t e c t e d   b u r s t   l e v e l  

is  e f f e c t i v e   fo r   c o m p e n s a t i o n   of  s e n s i t i v i t y   d i f f e r e n c e  

b e t w e e n   m a g n e t i c   heads   and  fo r   c o r r e c t i o n   of  the  mean  l e v e l  

in  e a c h   f i e l d .   However,   i t   has  been  d i f f i c u l t   for   the  AGC 

c i r c u i t   to  s u p p r e s s   an  i n s t a n t a n e o u s   l e v e l   v a r i a t i o n .  

(2)  C o l o r - d i f f e r e n c e   l i n e - s e q u e n t i a l   FM  t y p e :  

A c c o r d i n g   to  t h i s   t y p e ,   two  c o l o r   d i f f e r e n c e  

s i g n a l s   a re   s u b j e c t e d   to  f r e q u e n c y   m o d u l a t i o n   (FM),  a n d  

FM  c o l o r   d i f f e r e n c e   s i g n a l s   a re   a l t e r n a t e l y   r e c o r d e d   a t  

a  t ime   i n t e r v a l   of  one  h o r i z o n t a l   s c a n n i n g   p e r i o d   (1H).  I n  

the   p l a y b a c k   mode,  in  l i e u   of  the  c o l o r   d i f f e r e n c e   s i g n a l  

o m i t t e d   in  the   r e c o r d   mode,  the  s i g n a l   is  o b t a i n e d   by  d e l a y -  

ing  the   r e p r o d u c e d   s i g n a l   by  1H. 

This   c o l o r - d i f f e r e n c e   l i n e - s e q u e n t i a l   FM  t y p e  

e x h i b i t s   the   f o l l o w i n g   a d v a n t a g e s   ( c - 1 ) ,   ( c - 2 ) .  

(c -1)   By  the  use  of  f r e q u e n c y   m o d u l a t i o n   (FM),  a  l e v e l  



v a r i a t i o n   which   may  occu r   can  be  removed  by  a  l i m i t e r ,   a n d  

any  d e v i a t i o n   of  c o l o r   s a t u r a t i o n   does   no t   o c c u r .  

(c-2)  S i m i l a r l y   by  the  use  of  the  f r e q u e n c y   m o d u l a t i o n ,  

hue  d e v i a t i o n   does   not   occur   even  in  the   p r e s e n c e   of  a  t i m e  

base   v a r i a t i o n .  

On  the   o t h e r   hand,   the   c o l o r - d i f f e r e n c e   l i n e -  

s e q u e n t i a l   FM  type   has  the  f o l l o w i n g   d i s a d v a n t a g e s   o f  

( d - 1 ) ,   ( d - 2 ) .  

(d-1)  A c c o r d i n g   to  i t s   b a s i c   p r i n c i p l e ,   the  c o l o r   s i g n a l  

i n f o r m a t i o n   d rops   out   a t   a l t e r n a t e   h o r i z o n t a l   s c a n n i n g   l i n e .  

T h e r e f o r e ,   the  v e r t i c a l   r e s o l u t i o n   of  c o l o r   becomes  d e -  

g r a d e d .  

(d-2)  S ince   the  f r e q u e n c y   band  used  for   r e c o r d i n g   FM  c o l o r  

s i g n a l s   is  g e n e r a l l y   s e t   to  be  lower   t han   the  FM  band  of  t h e  

l u m i n a n c e   s i g n a l ,   even  when  an  i n c l i n e d   a z i m u t h   a r r a n g e - .  

ment  is  emp loyed ,   s i m u l t a n e o u s   s c a n n i n g   the   a d j o i n i n g   two 

t r a c k s   by  the  m a g n e t i c   head  r e s u l t s   in  b e a t   i n t e r f e r e n c e .  

T h e r e f o r e ,   t h i s   is   not   s u i t a b l e   for   g u a r d b a n d - l e s s   r e c o r d -  

ing ,   and  i t   is   d i f f i c u l t   to  i n c r e a s e   the  r e c o r d i n g   d e n s i t y .  

In  o r d e r   to  o b v i a t e   the  p r o b l e m s   of  the   p r i o r   a r t  

l i s t e d   above ,   the  p r e s e n t   i n v e n t i o n   aims  to  p r o v i d e   a  

r e c o r d i n g   and  r e p r o d u c i n g   sys t em  for   c o l o r   v i d e o   s i g n a l  

which  e l i m i n a t e s   d r o p - o u t   of  c o l o r   i n f o r m a t i o n ,   a s  

e x p e r i e n c e d   wi th   the   c o l o r - d i f f e r e n c e   l i n e - s e q u e n t i a l   FM 



t y p e ,   w i t h o u t   w i d e n i n g   the  o c c u p i e d   f r e q u e n c y   band,   a n d  

which   r e d u c e s   d e v i a t i o n s   of  hue  and  c o l o r   s a t u r a t i o n   t o  

l e s s   t h a n   t h o s e   e x p e r i e n c e d   w i t h   the   l o w - b a n d   c o n v e r s i o n  

t y p e   even  in  t he   p r e s e n c e   of  a  t ime   ba se   v a r i a t i o n   and  a  

l e v e l   v a r i a t i o n ,   t h e r e b y   e n s u r i n g   r e p r o d u c t i o n   of  h i g h  

q u a l i t y   p i c t u r e s .  

A c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n ,   t h e r e   is  p r o -  

v i d e d   a  c o l o r   v i d e o   s i g n a l   r e c o r d i n g   s y s t e m   c o m p r i s i n g  

means  fo r   p r o d u c i n g   a  q u a d r a t u r e   t w o - p h a s e   b a l a n c e -  

m o d u l a t e d   c o l o r   s i g n a l   by  s u b j e c t i n g   a  s u b c a r r i e r   t o  

q u a d r a t u r e   t w o - p h a s e   b a l a n c e d   m o d u l a t i o n   by  two  c o l o r  

s i g n a l s ,   means  fo r   p r o d u c i n g   a  d e m o d u l a t i o n - p u r p o s e  

r e f e r e n c e   p h a s e   s i g n a l   which  has  the   same  f r e q u e n c y   a s  

t h a t   of  the   s u b c a r r i e r   and  which   i s   to  be  f r e q u e n c y -  

i n t e r l e a v e d   w i t h   the  q u a d r a t u r e   t w o - p h a s e   b a l a n c e -  

m o d u l a t e d   c o l o r   s i g n a l ,   means  fo r   m u l t i p l e x i n g   the  q u a d -  

r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l   and  t h e  

d e m o d u l a t i o n - p u r p o s e   r e f e r e n c e   phase   s i g n a l   t o g e t h e r   w i t h  

a  c a r r i e r   l u m i n a n c e   s i g n a l ,   and  means  for   r e c o r d i n g   t h e m .  

In  a c c o r d a n c e   w i t h   a n o t h e r   a s p e c t   of  the   p r e s e n t  

i n v e n t i o n ,   t h e r e   is   p r o v i d e d   a  s y s t e m   for   r e p r o d u c i n g   a  

c o l o r   v i d e o   s i g n a l   r e c o r d e d   on  a  medium,  the  c o l o r   v i d e o  

s i g n a l   b e i n g   p r o v i d e d   by  m u l t i p l e x i n g   a  q u a d r a t u r e   t w o -  

p h a s e   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l   o b t a i n e d   by  s u b j e c t -  

ing  a  s u b c a r r i e r   to  q u a d r a t u r e   t w o - p h a s e   b a l a n c e d  

m o d u l a t i o n   by  two  c o l o r   s i g n a l s   and  a  d e m o d u l a t i o n - p u r p o s e  



r e f e r e n c e  p h a s e   s i g n a l   which  has  t he   same  f r e q u e n c y   as  t h a t  

of  the   s u b c a r r i e r   and  which  is   to  be  f r e q u e n c y - i n t e r l e a v e d  

w i t h   the  q u a d r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r  

s i g n a l ,   t o g e t h e r   w i th   a  c a r r i e r   l u m i n a n c e   s i g n a l ,   means  f o r  

s e p a r a t i n g   the  c a r r i e r   l u m i n a n c e   s i g n a l ,   the  q u a d r a t u r e  

t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l   and  the  r e f e r e n c e  

phase   s i g n a l   from  the  d e m o d u l a t e d   s i g n a l ,   and  means  f o r  

d e m o d u l a t i n g   the   q u a d r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d  

c o l o r   s i g n a l   on  the  b a s i s   of  the   s e p a r a t e d   r e f e r e n c e   p h a s e  

s i g n a l .  

The  b a s i c   p r i n c i p l e   and  a d v a n t a g e s   of  the  p r e s e n t  

i n v e n t i o n   are   d e s c r i b e d   b e l o w .  

(i)  In  o r d e r   to  e l i m i n a t e   d e v i a t i o n   of  hues  from  t h e  

o r i g i n a l   c a u s e d   by  a  t ime  base   v a r i a t i o n ,   a  c o n t i n u o u s  

r e f e r e n c e   phase   s i g n a l   for   s y n c h r o n o u s   d e t e c t i o n   is  p r e -  

v i o u s l y   m u l t i p l e x e d   wi th   the  q u a d r a t u r e   t w o - p h a s e   b a l a n c e -  

m o d u l a t e d   c o l o r  s i g n a l   to  be  r e c o r d e d .   Since   the   r e p r o d u c e d  

r e f e r e n c e   phase   s i g n a l   is  a l s o   a f f e c t e d   by  a  t ime  b a s e  

v a r i a t i o n   s i m i l a r l y   as  the  r e p r o d u c e d   q u a d r a t u r e   t w o -  

phase   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l ,   t h i s   r e p r o d u c e d  

r e f e r e n c e   phase   s i g n a l   is  u t i l i z e d   fo r   d e m o d u l a t i o n   of  t h e  

c o l o r   s i g n a l ,   so  t h a t   the  t ime  base   v a r i a t i o n s   can  b e  

c a n c e l l e d   to  e l i m i n a t e   hue  d e v i a t i o n .   In  t h i s   c a s e ,   t h e  

f r e q u e n c y   fr   of  the  r e f e r e n c e   p h a s e   s i g n a l   is  s e l e c t e d   t o  

be  e q u a l   to  the  s u b c a r r i e r   f r e q u e n c y   fc  of  the   q u a d -  

r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l   so  as  n o t  



to  widen   the   o c c u p i e d   f r e q u e n c y   band  and  to  cause   the  t i m e  

base   v a r i a t i o n   o c c u r r i n g   in  the   r e f e r e n c e   phase   s i g n a l   t o  

c o i n c i d e   w i t h   t h a t   of  the   q u a d r a t u r e   t w o - p h a s e   b a l a n c e -  

m o d u l a t e d   c o l o r   s i g n a l   as  much  as  p o s s i b l e .   However,  i n  

o r d e r   t h a t   t h e   q u a d r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d  

c o l o r   s i g n a l   and  the   r e f e r e n c e   p h a s e   s i g n a l   can  be  s e p a r a t e d  

from  each   o t h e r   d u r i n g   r e p r o d u c t i o n ,   the   phase   o f ,   f o r  

e x a m p l e ,   t h e   r e f e r e n c e   p h a s e   s i g n a l   is   i n v e r t e d   at  a  t i m e  

i n t e r v a l   of  1H  f o r   the   p u r p o s e   of  f r e q u e n c y   i n t e r l e a v i n g  

of  t he   two  s i g n a l s .  

( i i )   As  t h e   r e f e r e n c e   phase   s i g n a l   m u l t i p l e x e d   wi th   t h e  

q u a d r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l   i s  

c o n t i n u o u s ,   i t   i s   p o s s i b l e   to  c o n t r o l   the   l e v e l   v a r i a t i o n  

of  c o l o r   s i g n a l s   by  a p p l y i n g   AGC  w i t h   the  s i g n a l s   o b t a i n e d  

from  the   r e f e r e n c e   phase   s i g n a l   by  e n v e l o p e   d e t e c t i o n .  

In  t he   low  band  c o n v e r s i o n   s y s t e m   of  the  p r i o r   a r t ,  

an  APC  c i r c u i t   must   c o m p r i s e   of  b u r s t   s i g n a l s ,   w h i c h  

f e a t u r e   d e t e r m i n e s   the   p e r f o r m a n c e   in  r e s p e c t   of  the  t i m e  

b a s e d   v a r i a t i o n .   Whereas   in  the   p r e s e n t   i n v e n t i o n ,   t h e  

c o n t i n u o u s   r e f e r e n c e   phase   s i g n a l   e l i m i n a t e s   the  need  f o r  

APC,  and  the   q u a d r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r  

s i g n a l   and  the   r e f e r e n c e   phase   s i g n a l   s h a r e   the  same  t i m e  

base   v a r i a t i o n ,   t h e r e b y   p r o v i n g   s u f f i c i e n t l y   r e s i s t a n t  

a g a i n s t   t ime   b a s e d   v a r i a t i o n .  



This  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  way  o f  

example   wi th   r e f e r e n c e   to  the  d r a w i n g s ,   in  w h i c h : -  

F ig .   1  is  a  b lock   d i a g r a m   showing  an  e m b o d i m e n t  

of  a  r e c o r d i n g   sys tem  a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ;  

F ig .   2  is  a  b lock   d i a g r a m   showing  an  embodiment   o f  

a  r e p r o d u c i n g   sys t em  a c c o r d i n g   to  the  p r e s e n t  

i n v e n t i o n ;  

F i g s .   3(a)  to  3(g)  show  o p e r a t i n g   w a v e f o r m s  

a p p e a r i n g   at  v a r i o u s   p a r t s   of  F i g s .   1  and  2 ;  

Fig .   4  shows  the  phase   r e l a t i o n s h i p   of  an  i n d e x  

p u l s e   s i g n a l   o c c u r r i n g   in  the  embodiments   o f  

F i g s .   1  and   2 ;  

F ig .   5  i l l u s t r a t e s   the  a l l o c a t i o n   of  s i g n a l s   i n  

the  embod imen t s   of  F i g s .   1  and   2 ;  

F ig .   6  is  a  b lock   d i a g r a m   showing  a n o t h e r   c i r c u i t  

for   d e m o d u l a t i n g   the  q u a d r a t u r e   t w o - p h a s e   b a l a n c e -  

m o d u l a t e d   c o l o r   s i g n a l   for   use  in  the  embodiment   o f  

F ig .   2;  a n d  

F ig .   7  shows  o p e r a t i n g   waveforms   a p p e a r i n g   a t  

v a r i o u s   p a r t s   of  F i g s .   4  and  6  when 

The  embod imen t s   of  the  p r e s e n t   i n v e n t i o n   to  be  

d e s c r i b e d   make  up  a  m a g n e t i c   v i d e o   r e c o r d i n g   a n d  

r e p r o d u c i n g   a p p a r a t u s .  



In  the   embod imen t s   to  be  d e s c r i b e d   c o l o r   d i f f e r e n c e  

s i g n a l s   R-Y  and  B-Y  are   used   as  two  c o l o r   s i g n a l s .  

R r f e r r i n g   to  F ig .   1,  the   symbol  Y  d e s i g n a t e s   a  

l u m i n a n c e   s i g n a l ,   and  symbols   R-Y  and  B-Y  c o l o r   d i f f e r e n c e  

s i g n a l s   r e s p e c t i v e l y .   R e f e r e n c e   numbers   1,  2,  3  and  4 

d e n o t e   a d d i t i o n   c i r c u i t s ;   5  and  6  b a l a n c e d   m o d u l a t o r s   f o r  

the   q u a d r a t u r e   t w o - p h a s e   b a l a n c e d   m o d u l a t i o n ;   7  and  8  a n  

o s c i l l a t o r   fo r   g e n e r a t i n g   the  s u b c a r r i e r   and  a  90°  p h a s e  

s h i f t e r   r e s p e c t i v e l y ;   9  a  s y n c h r o n i z i n g   s i g n a l   g e n e r a t o r ;  

10  an  o f f s e t   v o l t a g e   g e n e r a t o r   for   p r o d u c i n g   the  r e f e r e n c e  

p h a s e   s i g n a l ;   11  an  i ndex   p u l s e   g e n e r a t o r ;   12  an  FM  or  PM 

a n g l e   m o d u l a t o r ;   13  a  r e c o r d i n g   a m p l i f i e r ;   14  a  r e c o r d i n g  

m a g n e t i c   head ;   15,  16,  17  and  18  l o w - p a s s   f i l t e r s ;   a n d  

19  a  h i g h - p a s s   f i l t e r .  

On  the   o t h e r   hand,   r e f e r e n c e   numbers  in  F ig .   2 

r e s p e c t i v e l y   d e n o t e   the  f o l l o w i n g :   20  a  r e p r o d u c i n g  

m a g n e t i c   head ;   21 a  h i g h - p a s s   f i l t e r   for   s e p a r a t i n g   t h e  

l u m i n a n c e   s i g n a l s ;   22  a  l i m i t e r ;   23  an  a n g l e   d e m o d u l a t o r ;  

24  a  l o w - p a s s   f i l t e r   for   s e p a r a t i n g   the  c o m p o s i t e   s i g n a l  

i n c l u d i n g   the   r e f e r e n c e   phase   s i g n a l   and  the  q u a d r a t u r e  

t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l ;   25  a  1H  d e l a y  
a n d  

l i n e ;   26  an  a d d i t i o n   c i r c u i t ;  2 7   a  s u b t r a c t i o n   c i r c u i t .  



These  25,  26  and  27  s e p a r a t e   the  r e f e r e n c e   phase   s i g n a l   a n d  

the  q u a d r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l .  

R e f e r e n c e   number  28  deno te   an  AGC  c i r c u i t ;   29  a  c i r c u i t   f o r  

d e t e c t i n g   the  l e v e l   of  the  r e f e r e n c e   phase  s i g n a l ;   30  and  31 

s y n c h r o n o u s   d e t e c t i o n   c i r c u i t s   each  u s ing   a  b a l a n c e d   m o d u l a t o r ;  

32  and  33  l o w p a s s   f i l t e r s ;   34  an  i n v e r s i o n   c i r c u i t ;   35  a  l i m i t e r ;  

and  36  a  +90°  phase   s h i f t e r .   These  34,  35  and  36  p r o d u c e   a  

c a r r i e r   used  for   s y n c h r o n o u s   d e t e c t i o n .   R e f e r e n c e   number  37  

deno te   a  h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l   s e p a r a t i o n   c i r c u i t ;  

38  an  i n v e r s i o n   p u l s e   g e n e r a t o r ;   39  a  PLL  c i r c u i t ;   40  a  b u r s t  

s i g n a l   s e p a r a t i o n   g a t e ;   and  41  a  ga t e   pu l se   g e n e r a t o r .   T h e s e  

38,  39,  40  and  41  c o n t r o l   the  i n v e r s i o n   c i r c u i t   34.  R e f e r e n c e  

number  42  deno te   an  a d d i t i o n   c i r c u i t ;   43  an  e n c o d e r ;   and  44  a  

3.58MHz  o s c i l l a t o r .   These  42,  43  and  45  p roduce   an  NTSC  s i g n a l .  

Assuming  t h a t   the  a n g u l a r   f r e q u e n c y   of  o s c i l l a t i o n  

of  the  s u b c a r r i e r   o s c i l l a t o r   7  is  wc,  the  b a l a n c e -  

m o d u l a t e d   wave  of  one  of  the  c o l o r   d i f f e r e n c e   s i g n a l s   o r  

c o l o r   d i f f e r e n c e   s i g n a l   R-Y  is  g i v e n   by  

and  t h a t   of  the  o t h e r   c o l o r   d i f f e r e n c e   s i g n a l   B-Y  is  g i v e n  

b y  

The  c o m p o s i t e   s i g n a l   EBB(t)  of  t h e s e   two  s i g n a l s   p r o v i d e s  

the  q u a d r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l  

as  f o l l o w s :  

E B B ( t ) = E R - Y ( t ) c o s   ωc t  +   E B - y ( t ) s i n   ω c t  

where  ER-Y(t)   is  the  v o l t a g e   s i g n a l   wave  of  R-Y,  



and  EB-Y( t )   i s   the   v o l t a g e   s i g n a l   wave  of  B-Y.  

Assuming  t h a t   the   a n g u l a r   f r e q u e n c y   ωr  of  the  r e f e r e n c e  

phase   s i g n a l   is   s e l e c t e d   to  b e  

and  the   phase   of  the   r e f e r e n c e   p h a s e   s i g n a l   i s   i n v e r t e d  

by  1H,  the   r e f e r e n c e   phase   s i g n a l   and  the   q u a d r a t u r e   t w o -  

phase   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l   EBB(t)  a re   f r e q u e n c y -  

i n t e r l e a v e d   and  can  be  s e p a r a t e d   from  each  o t h e r   even  a f t e r  

m u l t i p l e x i o n .  

Any  method   may  be  employed   f o r   m u l t i p l e x i n g   t h e  

r e f e r e n c e   p h a s e   s i g n a l .   In  the  e m b o d i m e n t   shown  in  F ig .   1 ,  

an  o f f s e t   v o l t a g e   i s   added  to  one  of  the   c o l o r   d i f f e r e n c e  

s i g n a l s ,   i . e .   B-Y,  to  r e a l i z e   m u l t i p l e x i n g   and  f r e q u e n c y  

i n t e r l e a v i n g .   More  p r e c i s e l y ,  i n   r e s p o n s e   to  t he   o u t p u t  

of  the  s u b c a r r i e r   g e n e r a t o r   7,  the   s y n c h r o n i z i n g   s i g n a l  

g e n e r a t o r   9  g e n e r a t e s   a  s y n c h r o n i z i n g   p u l s e   s i g n a l   9a  

hav ing   a  p e r i o d   of  1H  as  shown  in  F i g .   3 ( a ) ,   and  i n  

r e s p o n s e   to  the   p u l s e   s i g n a l   9a,  the   o f f s e t   v o l t a g e  

g e n e r a t o r   10  g e n e r a t e s   a  r e c t a n g u l a r   v o l t a g e   s i g n a l   w h o s e  

a m p l i t u d e   i s   i n v e r t e d   be tween   +K  and  -K  a t   a  t ime  i n t e r v a l  

of  1H  as  shown  in  F i g .   3 ( b ) .   Such  an  o f f s e t   v o l t a g e  

s i g n a l f K   is  added   in  the  a d d i t i o n   c i r c u i t   4  to  the  c o l o r  

d i f f e r e n c e   s i g n a l   B-Y.  C o n s e q u e n t l y , t h e   r e s u l t   of  s y n t h e s i s  

of  the  o u t p u t   of  t h e   two  b a l a n c e d   m o d u l a t o r s   5  and  6  p r o v i d e s  

a , c o m p o s i t e   s i g n a l   E c ( t )   e x p r e s s e d   as  f o l l o w s :  
i 



where  K  is  a  c o n s t a n t .  

The  t h i r d   member,  ±K  s i n w c t ,   on  the  r i g h t   r e p r e s e n t s   t h e  

c o n t i n u o u s   r e f e r e n c e   phase   s i g n a l .   In  o r d e r   to  i d e n t i f y  

the  o r d e r   of  phase   i n v e r s i o n   of  the  r e f e r e n c e   phase   s i g n a l ,  

an  i ndex   p u l s e   s i g n a l   tK  as  shown  in  F ig .   3(c)  is  a d d e d  

to  the   o t h e r   c o l o r   d i f f e r e n c e   s i g n a l   R-Y.  I t   w i l l   b e  

seen  t h a t   the  index   p u l s e   s i g n a l   ±K  a p p e a r s   in  the  h o r i -  

z o n t a l   b l a n k i n g   p e r i o d   HBLK  and  has  i t s   p o l a r i t y   i n v e r t e d  

at   a  t ime  i n t e r v a l   of  1H.  The  o f f s e t   v o l t a g e   s i g n a l   ±K  i s  

added  to  the  c o l o r   d i f f e r e n c e   s i g n a l   B-Y  b e c a u s e   red  c o l o r  

r e q u i r e s   a  g r e a t e r   dynamic   r a n g e   t han   b lue   from  the  v i s u a l  

v i e w p o i n t .   However,   t h i s   o f f s e t   v o l t a g e   s i g n a l   ±K  may 

t h e o r e t i c a l l y   be  added  to  any  of  the  c o l o r   d i f f e r e n c e  

s i g n a l s .   For  i d e n t i f y i n g   the   o r d e r   of  phase   i n v e r s i o n ,  

any  d e s i r e d   i d e n t i f i c a t i o n   me thod   employed   in ,   for   e x a m p l e ,  

the  c o l o r - d i f f e r e n c e   l i n e - s e q u e n t i a l   FM  type   of  r e c o r d i n g  

and  r e p r o d u c t i o n   may  be  u t i l i z e d .  

The  c o m p o s i t e   s i g n a l   E c ( t )   composed  of  the  q u a d r a -  

t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l   EBB(t)  a n d  

the  r e f e r e n c e   phase   s i g n a l   ±K  s i n w c ( t )   is  t hen   m u l t i p l e x e d  

wi th   the  c a r r i e r   l u m i n a n c e   s i g n a l   Ey( t )   which  is  an  o u t p u t  

from  an  a n g u l a r   m o d u l a t o r   12,  and  r e c o r d e d   in  a  m a g n e t i c  

r e c o r d i n g   medium  such  as  a  m a g n e t i c   d i s k   or  t a p e   by  t h e  

m a g n e t i c   head  14.  A  m u l t i p l e x   s i g n a l   EM(t)  is  e x p r e s s e d  

as  f o l l o w s :  



where   E y ( t )   is  t he   v o l t a g e   s i g n a l   wave  of  Y. 

The  r e p r o d u c i n g   s y s t e m   w i l l   now  be  d e s c r i b e d .  

The  o u t p u t   of  a  r e p r o d u c i n g   m a g n e t i c   head  20  i s  

p a s s e d   t h r o u g h   a  h igh   p a s s   f i l t e r   21  and  a  low  pass   f i l t e r  

24  a f t e r   b e i n g   a m p l i f i e d .   The  c a r r i e r   l u m i n a n c e   s i g n a l  

E y ( t )   a p p e a r s   a t   the   o u t p u t   of  the   h i g h - p a s s   f i l t e r   2 1 ,  

w h i l e   t h e  c o m p o s i t e   s i g n a l   E c ( t )   composed  of  the  q u a d r a t u r e  

t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l   and  the  r e f e r e n c e  

phase   s i g n a l   a p p e a r s   a t   t he   o u t p u t   of  the  l o w - p a s s   f i l t e r  

24.  The  c a r r i e r   l u m i n a n c e   s i g n a l   Ey( t )   is  a p p l i e d   to  a  

l i m i t e r   22  where   l e v e l   v a r i a t i o n   is  e l i m i n a t e d ,   and  t h e n  

d e m o d u l a t e d   by  an  a n g l e   d e m o d u l a t o r   23  d e p e n d i n g   on  FM  o r  

PM.  The  c o m p o s i t e   s i g n a l   E c ( t )   is  s e p a r a t e d   i n t o   the  q u a d -  

r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l   EBB(t)  a n d  

the  r e f e r e n c e  p h a s e   s i g n a l   Ks inwc t   by  a  s e p a r a t i o n   c i r c u i t  

of  comb  f i l t e r   t y p e   composed  of  a  1H  d e l a y   l i n e   25,  an  

a d d i t i o n   c i r c u i t   2 6 ,  a n d   a  s u b t r a c t i o n   c i r c u i t   27.  F o r  

s e p a r a t i o n ,   t he   s t r o n g   v e r t i c a l   c o r r e l a t i o n   be tween   a d j a c e n t  

h o r i z o n t a l   s c a n n i n g   l i n e s   in  the   c o l o r   s i g n a l   is  u t i l i z e d ,  

as  w i l l   be  n u m e r i c a l l y   e x p r e s s e d   h e r e i n u n d e r .  

Assuming   t h a t   t he   c o m p o s i t e   s i g n a l   E c i ( t )   c o r r e s p o n d -  

ing  to  an  i - t h   h o r i z o n t a l   s c a n n i n g   l i n e   is  e x p r e s s e d   a s  

The  c o m p o s i t e   s i g n a l   E c i + 1 ( t )   c o r r e s p o n d i n g   to  an  ( i + l ) t h  

h o r i z o n t a l   s c a n n i n g   l i n e   becomes  as  f o l l o w s :  



I n c i d e n t a l l y ,  d u e   to  the  s t r o n g   v e r t i c a l   c o r r e l a t i o n  

b e t w e e n   a d j a c e n t   h o r i z o n t a l   s c a n n i n g   l i n e s   in  the  v i d e o  

s i g n a l ,   the   f o l l o w i n g   r e l a t i o n s  h o l d :  

Thus ,   the   e q u a t i o n   (6)  can  be  r e p l a c e d   by  the  f o l l o w i n g  

e q u a t i o n   ( 9 ) :  

When  the  o u t p u t   s i g n a l   of  the   1H  d e l a y   l i n e   25  is  a d d e d  

in  the  a d d i t i o n   c i r c u i t   26  to  the   i n p u t   s i g n a l   to  c o m p u t e  

the   a d d i t i o n   of  the  e q u a t i o n   (9)  and  the  e q u a t i o n   (7),   t h e  

f o l l o w i n g   r e l a t i o n   (10)  h o l d s :  

Thus ,   the   q u a d r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r  

s i g n a l   can  be  s e p a r a t e d .  

On  the  o t h e r   hand,   when  the  i n p u t   s i g n a l   of  the  1H 

d e l a y   l i n e   25  is  s u b t r a c t e d   in  the  s u b t r a c t i o n   c i r c u i t  

27  from  the  i n p u t   s i g n a l   to  compute   the  s u b t r a c t i o n   o f  

the   e q u a t i o n   (7)  from  the  e q u a t i o n   (9) ,   the  f o l l o w i n g   i s  

o b t a i n e d :  

+ 2 K s i n w c t  

or  the  s y n c h r o n o u s   d e t e c t i o n   s i g n a l   for   the  b a l a n c e -  

m o d u l a t e d   c o l o r   s i g n a l   p o r t i o n   i n c l u d i n g   the  c o l o r   d i f f e r -  

ence  s i g n a l   B-Y  can  be  . s e p a r a t e d .   F u r t h e r ,   when  t h e  

o u t p u t   of  the   s u b t r a c t i o n   c i r c u i t   27  is  d e l a y e d   by  90°  



in  t he   phase   s h i f t e r   36,  the   f o l l o w i n g   is  o b t a i n e d :  

+ 2 K c o s w c t  

or  the   s y n c h r o n o u s   d e t e c t i o n   s i g n a l   for   the  b a l a n c e -  

m o d u l a t e d   c o l o r   s i g n a l   p o r t i o n   i n c l u d i n g   the  c o l o r   d i f f e r -  

ence  s i g n a l   R-Y  is   o b t a i n e d .   A l t h o u g h   the  p o l a r i t y   of  t h e  

o u t p u t   s i g n a l   of  the   a d d i t i o n   c i r c u i t   26  is  f i x e d ,   t h a t  

of  t he   o u t p u t   s i g n a l   of  the  s u b t r a c t i o n   c i r c u i t   27  i s  

i n v e r t e d   at  a  t ime  i n t e r v a l   of  1H.  That   i s ,   the  r e s u l t  

of  s u b t r a c t i o n   E c i + 1 ( t ) - E c i ( t )   p r o v i d e s   the  o u t p u t  

- 2 K s i n w c t   w h i l e   the   r e s u l t   of  s u b t r a c t i o n   E c i + 2 ( t ) -  

E c i + 1 ( t )   p r o v i d e s   the   o u t p u t   + 2 K s i n w c t .  

By  i n v e r t i n g   the   o u t p u t   2Ksinwct   of  the  s u b t r a c t i o n  

c i r c u i t   27  in  the   i n v e r s i o n   c i r c u i t   34  at  a  t ime  i n t e r v a l  

of  1H,  t he   s y n c h r o n o u s   d e t e c t i o n   s i g n a l  

+ 2 K s i n w c t  

is   o b t a i n e d   h a v i n g   the   same  p o l a r i t y   as  t h a t   of  t h e  

s e p a r a t e d   q u a d r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r  

s i g n a l .   If  the   t i m i n g   of  p o l a r i t y   i n v e r s i o n   goes  w r o n g ,  

the   d e m o d u l a t e d   c o l o r   d i f f e r e n c e   s i g n a l s   w i l l   have  t h e  

o p p o s i t e   p o l a r i t i e s   r e s u l t i n g   in  a  c o l o r   e r r o r .   To  a v o i d  

t h i s ,   an  i n v e r s i o n   c o n t r o l   p u l s e   s i g n a l   46  whose  p o l a r i t y  

is  i n v e r t e d   a t   a  t ime   i n t e r v a l   of  1H  at   an  i n v e r s i o n   p u l s e  

g e n e r a t o r   38  is  g e n e r a t e d   from  an  i n v e r s i o n   p u l s e   g e n e r a t o r  

38  on  the   b a s i s   of  the   d e t e c t e d   phase   d i f f e r e n c e   s i g n a l  

45  a p p e a r i n g   from  the   PLL  c i r c u i t   39  so  as  to  c o n t r o l   t h e  



s w i t c h i n g   o p e r a t i o n   of  the   i n v e r s i o n   c i r c u i t   34  by  t h e  

i n v e r s i o n   c o n t r o l   p u l s e   s i g n a l   46.  The  o p e r a t i o n   i s  

d e s c r i b e d   in  f u r t h e r   d e t a i l   b e low ,   and  the  index   p u l s e  

s i g n a l   s u p e r p o s e d   on  the  c o l o r   d i f f e r e n c e   s i g n a l   R-Y 

d u r i n g   r e c o r d i n g   is  u t i l i z e d   fo r   t h i s   p u r p o s e .   A  l i m i t e r  

35  is  p r o v i d e d   to  p r e v e n t   o c c u r r e n c e   of  l e v e l   v a r i a t i o n s  

in  the  s y n c h r o n o u s   d e t e c t i o n   s i g n a l .  

The  h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l   is  s e p a r a t e d  

and  e x t r a c t e d   from  the  r e p r o d u c e d   l u m i n a n c e   s i g n a l   in  a  

s y n c h r o n i z i n g   s e p a r a t i o n   c i r c u i t   37  and  is  a p p l i e d   to  a  

g a t e   p u l s e   g e n e r a t o r   40  which   g e n e r a t e s   a  ga t e   p u l s e   s i g n a l  

a p p e a r i n g   in  the  h o r i z o n t a l   b l a n k i n g   p e r i o d   HBLK  as  shown 

in  F ig .   3 ( d ) .   This   ga t e   p u l s e   s i g n a l   is  u t i l i z e d   t o  

s e p a r a t e   and  e x t r a c t   the  b u r s t   s i g n a l   d u r i n g   the  h o r i z o n t a l  

b l a n k i n g   p e r i o d   from  the  c o m p o s i t e   s i g n a l   Ec ( t )   a p p e a r i n g  

at   the   o u t p u t   of  the  l o w - p a s s   f i l t e r   24.  S ince   the  b u r s t  

s i g n a l   is  composed  of  the  r e f e r e n c e   phase   s i g n a l   Ks inwc t   a n d  

the  b a l a n c e - m o d u l a t e d   wave  tK  c o s w c t   of  the  index   p u l s e  

s i g n a l ,   i t s   phase   c h a n g e s   a t   a  t ime  i n t e r v a l   of  1H  a l t h o u g h  

i t s   a n g u l a r   f r e q u e n c y   is  wc.  Th is   b u r s t   s i g n a l   making  s u c h  

a  phase   change  is  r e p r e s e n t e d   by  s in(ωct± π 4)   as  shown  i n  

F ig .   3 ( e ) .  F i g .   4  s h o w  t h e   p h a s e   r e l a t i o n  o f  t h e  i n d e x  

p u l s e   s i g n a l .   A PLL  c i r c u i t   39  i n c l u d e s   a  phase   d i f f e r e n c e  

d e t e c t o r   39a,  a  phase   c o m p e n s a t i o n   c i r c u i t   39b  and  a  v o l t a g e  

c o n t r o l l e d   o s c i l l a t o r   (VCO)  39c.  In  r e s p o n s e   to  the  a p p l i -  

c a t i o n   of  the  b u r s t   s i g n a l   s i n ( w c t   ± π 4),  the  PLL  c i r c u i t   39 



g e n e r a t e s   a  s i g n a l   s i n w c t ,   and  the   o u t p u t   45  of  i t s   p h a s e  

d i f f e r e n c e   d e t e c t o r   39a  has  a  wavefo rm  shown  in  F ig .   3 ( f ) .  

S ince   t he   p o l a r i t y   of  t he   d e t e c t e d   phase   d i f f e r e n c e   s i g n a l  

45  h a v i n g   such  a  w a v e f o r m   c h a n g e s   in  c o r r e s p o n d e n c e   w i t h  

t h a t   of  the   i n d e x - p u l s e   s i g n a l ,   the   i n v e r s i o n   c i r c u i t   34 

o p e r a t e s   w i t h   a c c u r a t e   t i m i n g   when  the   i n v e r s i o n   c o n t r o l  

p u l s e   s i g n a l   46  g e n e r a t e d   from  the   p u l s e   g e n e r a t o r   38  h a s  

a  r e c t a n g u l a r   w a v e f o r m   whose  p o l a r i t y   is  i n v e r t e d   a t   a  

t ime  i n t e r v a l   of  1H  as  shown  in  F ig .   3 ( g ) .  

As  d e s c r i b e d   a b o v e ,   s y n c h r o n o u s   d e t e c t i o n   of  t h e  

q u a d r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l   w i t h  

the   s i g n a l   c o s w c t   d e m o d u l a t e s   the  c o l o r   d i f f e r e n c e   s i g n a l  

R-Y,  and  s y n c h r o n o u s   d e t e c t i o n   of  the   c o l o r   s i g n a l   w i t h  

the   s i g n a l   s i n w c t   d e m o d u l a t e s   the  c o l o r   d i f f e r e n c e   s i g n a l  

B-Y.  

In  t h i s   c a s e ,   t he   q u a d r a t u r e   t w o - p h a s e   b a l a n c e -  

m o d u l a t e d   c o l o r   s i g n a l   is   c o n t r o l l e d   of  i t s   l e v e l   by  t h e  

AGC  c i r c u i t   28  which   in   t u r n   is   c o n t r o l l e d   by  the   o u t p u t  

s i g n a l   of  the   l e v e l   d e t e c t o r   29  which   e n v e l o p e - d e t e c t s   t h e  

r e f e r e n c e   phase   s i g n a l   o u t p u t t e d   from  the  s u b t r a c t o r   2 7 .  

S i n c e   the   r e f e r e n c e   p h a s e   s i g n a l   is   a  c o n t i n u o u s   wave,  i t  

is  p o s s i b l e   to  a c h i e v e   a  c o m p l e t e   AGC.  F u r t h e r ,  s i n c e  

the  r e f e r e n c e   p h a s e   s i g n a l   is  r e c o r d e d   in  m u l t i p l e x   w i t h  

the  q u a d r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l  

and  i t s   f r e q u e n c y   i s   t he   same  as  t h a t   of  the   s u b c a r r i e r ,  

i t s  p h a s e  c h a n g e ,   i f   any ,   a t t r i b u t a b l e   to  a  t ime  b a s e  



v a r i a t i o n   t h a t   may  o c c u r   in  the  c o u r s e   of  r e c o r d i n g   a n d  

r e p r o d u c t i o n   is  a l m o s t   the  same  as  t h a t   of  the  c o l o r   s i g n a l .  

T h e r e f o r e ,   s i n c e   the   s y n c h r o n o u s   d e t e c t i o n   s i g n a l   p r o d u c e d  

from  the  r e f e r e n c e   phase   s i g n a l   is  a l s o   s u b j e c t e d   to  a  

phase   change   which   is   s u b s t a n t i a l l y   the  same  as  t h a t   of  t h e  

q u a d r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l ,   the  d e -  

m o d u l a t e d   c o l o r   d i f f e r e n c e   s i g n a l s   R-Y  and  B-Y  are  n o t  

a d v e r s e l y   a f f e c t e d   by  the  t ime  base  v a r i a t i o n ,   and  the  h u e  

d e v i a t i o n   a t t r i b u t a b l e   to  the  tine  base  v a r i a t i o n   is  m i n i m i z e d .  

The  l u m i n a n c e   s i g n a l   Y  and  the  two  c o l o r   d i f f e r e n c e  

s i g n a l s   R-Y,  B-Y  t h u s   d e m o d u l a t e d   are   a p p l i e d   to  a  u n i t  

such  as  a  p i c t u r e   d i s p l a y   u n i t .   In  the  r e p r o d u c i n g   s y s t e m  

shown  in  Fig .   2,  the  s u b c a r r i e r   of  3.58  MHz  p r o d u c e d   by  a n  

o s c i l l a t o r   44  is  a p p l i e d   to  an  e n c o d e r   43  in  which  t h e  

c a r r i e r   of  3.58  MHz  is  s u b j e c t e d   to  q u a d r a t u r e   t w o - p h a s e  

b a l a n c e   m o d u l a t i o n   by  the  two  c o l o r   d i f f e r e n c e   s i g n a l s  

R-Y  and  B-Y,  and  the  s o - c a l l e d   c a r r i e r   c h r o m i n a n c e   s i g n a l  

thus   o b t a i n e d   is  s u p e r p o s e d   on  the  l u m i n a n c e   s i g n a l   t o  

o u t p u t   NTSC  s i g n a l .  

A c c o r d i n g   to  the  above  m e n t i o n e d   e m b o d i m e n t ,   t h e  

r e f e r e n c e   phase   s i g n a l   r e q u i r e d   for   d e m o d u l a t i o n   i s  

f r e q u e n c y - i n t e r l e a v e d   and  m u l t i p l e x e d   as  a  c o n t i n u o u s  

s i g n a l .   Thus  the  r e f e r e n c e   p h a s e   s i g n a l   has  the  same 

v a r i a t i o n   d e s p i t e   the   t ime  base   v a r i a t i o n ,   and  e n a b l e s  

c a n c e l l a t i o n   d u r i n g   d e m o d u l a t i o n   as  we l l   as  a  c o m p l e t e  

AGC  based   on  the  r e f e r e n c e   p h a s e   s i g n a l .  



As  is   w e l l   known,  when  a  c a r r i e r   l u m i n a n c e   s i g n a l  

is  to  be  m a g n e t i c a l l y   r e c o r d e d   in  t he   f r e q u e n c y   zone  h i g h e r  

than   the  q u a d r a t u r e   2 - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r  

s i g n a l s ,   2ωc  becomes  g e n e r a t e d   d u r i n g   d e m o d u l a t i o n   of  t h e  

c a r r i e r   l u m i n a n c e   s i n g a l   by  d i s t o r t i o n   of  t h i r d   o r d e r   d u e  

to  the  n o n - l i n e a r i t y   of  the  e l e c t r o - m a g n e t i c   c o n v e r s i o n  

s y s t e m .   G e n e r a l   s o l u t i o n   to  t h i s   p r o b l e m   is  to  f r e q u e n c y -  

i n t e r l e a v e   2ωc  w i t h   the  c a r r i e r   l u m i n a n c e   s i g n a l   so  as  t o  

make  i t   i n c o n s p i c u o u s ;   and  the  f o l l o w i n g   r e l a t i o n   h o l d s .  

The  embod imen t   of  the   p r e s e n t   i n v e n t i o n   based   on  

the   above  t h e o r y   is   now  e x p l a i n e d .   In  the  e m b o d i m e n t ,  

the  p o l a r i t y   of  r e f e r e n c e   phase   s i g n a l   is  i n v e r t e d   at   a  

t ime  i n t e r v a l   of  2H  to  f r e q u e n c y - i n t e r l e a v e   the  r e f e r e n c e  

phase   s i g n a l   w i t h   the   q u a d r a t u r e   t w o - p h a s e   b a l a n c e -  

m o d u l a t e d   c o l o r   s i g n a l .   The  r e c o r d i n g   sys tem  is  t h e .  

same  as  t h a t   shown  in  F ig .   1  e x c e p t   f o r   g e n e r a t i o n   o f  

the  o f f s e t   v o l t a g e   and  i ndex   p u l s e   s i g n a l .   A  d e m o d u l a t i n g  

c i r c u i t   s e c t i o n   47  in  the  r e p r o d u c i n g   sys tem  shown  i n  

F ig .   2  is   p r e f e r a b l y   m o d i f i e d   to  a  s t r u c t u r e   as  shown  i n  

F ig .   6.  F i g .   7  shows  the   r e l a t i o n   b e t w e e n   the  o f f s e t  

v o l t a g e   and  the   i n d e x   p u l s e   s i g n a l .   Assuming  t h a t   t h e  

c o m p o s i t e   s i g n a l   Ec i  ( t )   of  the  r e f e r e n c e   phase  s i g n a l  

and  the   q u a d r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l  



on  the  i - t h   h o r i z o n t a l   s c a n n i n g   l i n e   is  e x p r e s s e d   a s  

the   c o m p o s i t e   s i g n a l   E c i + 1 ( t )   on  the  ( i + l ) t h   h o r i z o n t a l  

s c a n n i n g   l i n e   is  e x p r e s s e d   a s  

E c i + 1 ( t ) = E i + 1  R - Y ( t )  c o s ω c t + E i + 1  B - Y ( t )  s i n ω c t - K s i ω c t . . . ( 1 2 )  

However,   s i n c e  

and  a s suming   t h a t   n  is  an  even  number,   the  f o l l o w i n g  

r e l a t i o n   s t a n d s :  

Thus,   the   c o m p o s i t e   s i g n a l s   Eci  +  j ( t ) e   on  the  ( i + j ) t h  

h o r i z o n t a l   s c a n n i n g   l i n e s   a re   e x p r e s s e d   as  f o l l o w s :  

On  the   o t h e r   hand,   due  to  the  s t r o n g   v e r t i c a l   c o r r e l a t i o n  

in  the   v ideo   s i g n a l ,   the   f o l l o w i n g   r e l a t i o n s   h o l d :  



T h e r e f o r e ,   when  the  o u t p u t   s i g n a l   of  a  2H  d e l a y  

l i n e   48  i s   s u b t r a c t e d   in  the  s u b t r a c t i o n   c i r c u i t   27  f r o m  

the   i n p u t   s i g n a l ,   the   q u a d r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d  

c o l o r   s i g n a l   can  be  s e p a r a t e d   as  shown  b e l o w .  

S u b t r a c t i o n   of  the   e q u a t i o n   (11)  from  the  e q u a t i o n   (15)  

p r o v i d e s  

S u b t r a c t i o n   of  the   e q u a t i o n   (14)  from  the  e q u a t i o n   (16)  

p r o v i d e s  

S u b t r a c t i o n   of  the   e q u a t i o n   (15)  from  the  e q u a t i o n   (17)  

p r o v i d e s  

S u b t r a c t i o n   of  the   e q u a t i o n   (16)  from  the  e q u a t i o n   (18)  

p r o v i d e s  

On  the   o t h e r   hand,   when  the  o u t p u t   s i g n a l   of  t h e  

2H  d e l a y   l i n e   48  is   added  in  the  a d d i t i o n   c i r c u i t   26  t o  

the   i n p u t   s i g n a l ,   the   s y n c h r o n o u s   d e t e c t i o n   s i g n a l   can  b e  

s e p a r a t e d   as  w e l l .  



A l t h o u g h   the  c o l o r   d i f f e r e n c e   s i g n a l s   B-Y 

can  be  s e q u e n t i a l l y   d e m o d u l a t e d   when  the  o u t p u t   s i g n a l   o f  

the  a d d i t i o n   c i r c u i t   26  is   d i r e c t l y   used  for   the  s y n c h r o n o u s  

d e t e c t i o n   of  the  o u t p u t   s i g n a l   of  the   s u b t r a c t i o n   c i r c u i t  

27,  the  p o l a r i t y   of  the   s i g n a l s   B-Y  becomes  i n v e r t e d   at   a  

t ime  i n t e r v a l   of  2H,  r e s u l t i n g   in  a  c o l o r   e r r o r .   T h e r e f o r e ,  

the  p o l a r i t y   of  the  o u t p u t   s i g n a l   of  the   a d d i t i o n   c i r c u i t  

26  is   i n v e r t e d   at   a  t ime  i n t e r v a l   of  2H  in  the  i n v e r s i o n  

c i r c u i t   34  to  p r o v i d e   the  B-Y  d e m o d u l a t i o n   s i g n a l .   F o r  

d e m o d u l a t i n g   the  c o l o r   d i f f e r e n c e   s i g n a l s   R-Y,  the  p h a s e  

of  the  o u t p u t   s i g n a l   of  the   i n v e r s i o n   c i r c u i t   34  is  d e l a y e d  

by  90°  in  the  phase   s h i f t e r   36,  and  such  a  s i g n a l   is  u s e d  

to  s y n c h r o n o u s l y   d e t e c t   the   o u t p u t   s i g n a l   of  the  s u b t r a c t i o n  

c i r c u i t   27.  When  the  i n v e r s i o n   c i r c u i t   34  o p e r a t e s   w i t h  



wrong  t i m i n g ,   a  c o l o r   e r r o r   r e s u l t s .   T h e r e f o r e ,   the   i n v e r -  

s i o n   c o n t r o l   p u l s e   s i g n a l   46  a p p l i e d   to  the  i n v e r s i o n  

c i r c u i t   34  is  p r o d u c e d   as  d e s c r i b e d   below.   The  o f f s e t  

v o l t a g e   s u p e r p o s e d   on  the   c o l o r   d i f f e r e n c e   s i g n a l   B-Y 

d u r i n g   r e c o r d i n g   is  c h a n g e d   ove r   be tween   +K  and  -K  at   a  

t ime  i n t e r v a l   of  2H  as  shown  in  F ig .   7 ( b ) ,   and  the  i n d e x  

p u l s e   s i g n a l   s u p e r p o s e d   on  the   c o l o r   d i f f e r e n c e   s i g n a l   R-Y 

is   a l s o   changed   over   b e t w e e n   +K  and  -K  at   a  t ime  i n t e r v a l  

of  2H  as  shown  in  F ig .   7 ( c ) .   The  g a t e   c i r c u i t   41  a p p l y i n g  

t he   b u r s t   s i g n a l   to  the   PLL  c i r c u i t   39  is  t r i g g e r e d   by  a  

t i m i n g   p u l s e   s i g n a l   h a v i n g   a  p u l s e   p e r i o d   of  2H  as  shown 

in  F i g .   7 (d ) .   O p e r a t i o n   is  o t h e r w i s e   the  same  as  d e s c r i b e d  

wi th   r e f e r e n c e   to  F i g s .   1  to  3  when  n  is  an  odd  n u m b e r .  

I t   w i l l   be  u n d e r s t o o d   from  the  f o r e g o i n g   d e s c r i p t i o n  

of  p r e f e r r e d   embod imen t s   of  the   p r e s e n t   i n v e n t i o n   t h a t  

c o l o r   i n f o r m a t i o n   can  e n t i r e l y   be  r e c o r d e d   w i t h o u t   p a r t i a l  

d r o p - o u t   of  i n f o r m a t i o n   as  in  the  c o l o r - d i f f e r e n c e   l i n e -  

s e q u e n t i a l   FM  type  r e c o r d i n g   and  r e p r o d u c t i o n ,   and  a  t i m e  

base   v a r i a t i o n   or  a  l e v e l   v a r i a t i o n ,   i f   any,  does   n o t  

s u b s t a n t i a l l y   l e a d   to  the  d e v i a t i o n   of  hue  or  c o l o r   s a t u r a -  

t i o n   of  the  l ow-band   c o n v e r s i o n   type  r e c o r d i n g   and  r e p r o d u c -  

t i o n .   T h e r e f o r e ,   a  c o l o r   v i d e o   s i g n a l   of  h igh   p i c t u r e  

q u a l i t y   can  be  r e c o r d e d   and  r e p r o d u c e d .   While  the   f o r e g o i n g  

d e s c r i p t i o n   r e f e r s   to  a p p l i c a t i o n   of  t he   p r e s e n t   i n v e n t i o n  

to  a  m a g n e t i c   p i c t u r e   r e c o r d i n g  /  r e p r o d u c i n g   a p p a r a t u s  



the  p r e s e n t   i n v e n t i o n   is  e q u a l l y   a p p l i c a b l e   to  r e c o r d i n g  

and  r e p r o d u c t i o n   of  s t i l l   and  moving  p i c t u r e s .   The  p r e s e n t  

i n v e n t i o n   is  a l s o   a p p l i c a b l e   to  v a r i o u s   k i n d s   of  c o l o r  

v i d e o   s i g n a l   r e c o r d i n g   s y s t e m s   such  as  an  o p t i c a l   v i d e o  

d i s k   a p p a r a t u s .  

The  r e l a t i o n   b e t w e e n   the  r e c o r d i n g   and  r e p r o d u c i n g  

s y s t e m   of  the  p r e s e n t   i n v e n t i o n   and  the   d e s i r e d   h igh   r e c o r d -  

ing  d e n s i t y   of  m a g n e t i c   r e c o r d s   is   now  d i s c u s s e d .   In  many 

of  m a g n e t i c   p i c t u r e   r e c o r d i n g   and  r e p r o d u c i n g   a p p a r a t u s  

p r e s e n t l y   in  u se ,   the  i n c l i n e d   a z i m u t h   a r r a n g e m e n t   i s  

used  for   g u a r d b a n d - l e s s   r e c o r d i n g .   The  i n c l i n e d   a z i m u t h  

a r r a n g e m e n t   can  a l s o   be  employed   in  the   p r e s e n t   i n v e n t i o n  

s y s t e m .  

In  the   case   of  phase   m o d u l a t i o n   (PM)  of  the  l u m i n a n c e  

s i g n a l   Y,  the  t e c h n i q u e s   d i s c l o s e d   in  J a p a n e s e   P a t e n t   P u b -  

l i c a t i o n   No.  56-51406  (1981)  and  J a p a n e s e   P a t e n t   A p p l i c a t i o n  

L a i d - o p e n   No.  53-41126  (1978)  may  be  u t i l i z e d .   The  c o n d i -  

t i o n s   are   such  t h a t   the  m o d u l a t i o n   i n d e x   mp  is  s e l e c t e d   t o  

be  l e s s   t han   or  equa l   to  a  c e r t a i n   v a l u e   as  mp =  1 . 3 ,  

t h e r e b y   s u p p r e s s i n g   a p p e a r a n c e   of  s e c o n d a r y   and  h i g h e r  

s i d e b a n d   c o m p o n e n t s ,   the  r e c o r d e d   p o s i t i o n s   of  the  v e r t i c a l  

s y n c h r o n i z i n g   s i g n a l   on  a d j a c e n t   t r a c k s   of  a  m a g n e t i c  

r e c o r d i n g   medium  are  at  l e a s t   a l i g n e d   (V  a l i g n m e n t ) ,   a n d  

p r e f e r a b l y   the   r e c o r d e d   p o s i t i o n s   of  the   h o r i z o n t a l  

s y n c h r o n i z i n g   s i g n a l   on  the  a d j a c e n t   t r a c k s   are  a l s o  

a l i g n e d   (H  a l i g n m e n t ) .   The  c o n d i t i o n s   are   a l s o   such  t h a t  



the   p h a s e s   of  the   c e n t e r   f r e q u e n c y   of  the  PM  l u m i n a n c e  

s i g n a l   a re   a l i g n e d   on  the   a d j a c e n t   t r a c k s ,   the   c e n t e r  

f r e q u e n c i e s   of  the   q u a d r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d  

c o l o r   s i g n a l   a re   a l i g n e d   on  the  a d j a c e n t   t r a c k s ,   and  t h e  

p h a s e   i n v e r s i o n s   (o,  π)  of  the   r e f e r e n c e   phase   s i g n a l   a t  

t he   t ime  i n t e r v a l   of  1H  or  2H  are  a l i g n e d   on  the   a d j a c e n t  

t r a c k s   of  the   m a g n e t i c   r e c o r d i n g   medium.  When  a f t e r   t h e  

c o l o r   v i d e o   s i g n a l   s a t i s f y i n g   the   above  c o n d i t i o n s   i s  

r e c o r d e d   a t   a  h igh   r e c o r d i n g   d e n s i t y   in  a  g u a r d b a n d - l e s s  

f a s h i o n   or  p a r t l y   o v e r l a p p i n g   f a s h i o n ,   two  or  more  t r a c k s  

a r e   s c a n n e d   by  the  r e p r o d u c i n g   head,   the  c o l o r   v ideo   s i g n a l  

can  be  r e p r o d u c e d   w i t h o u t   b e a t   i n t e r f e r e n c e ,   c r o s s t a l k   o r  

o u t - o f - s y n c h r o n i z a t i o n   by  v i r t u e   of  the  s t r o n g   v e r t i c a l  

c o r r e l a t i o n   b e t w e e n   a d j a c e n t   h o r i z o n t a l   s c a n n i n g   l i n e s  

in  the   c o l o r   v i d e o   s i g n a l .  



1.  A  c o l o r   v i d e o   s i g n a l   r e c o r d i n g   sys tem  c o m p r i s i n g  

means  for   p r o d u c i n g   a  q u a d r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d  

c o l o r   s i g n a l   by  s u b j e c t i n g   a  s u b c a r r i e r   to  q u a d r a t u r e   t w o -  

phase   b a l a n c e d   m o d u l a t i o n   by  two  c o l o r   s i g n a l s ,   means  f o r  

p r o d u c i n g   a  d e m o d u l a t i o n - p u r p o s e   r e f e r e n c e   phase   s i g n a l  

which  has  the  same  f r e q u e n c y   as  t h a t   of  the  s u b c a r r i e r   a n d  

which  is   to  be  f r e q u e n c y - i n t e r l e a v e d   w i th   s a i d   q u a d r a t u r e  

t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l ,   means  for   m u l t i -  

p l e x i n g   s a i d   q u a d r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r  

s i g n a l   and  s a i d   d e m o d u l a t i o n - p u r p o s e   r e f e r e n c e   phase   s i g n a l  

t o g e t h e r   w i t h   a  c a r r i e r   l u m i n a n c e   s i g n a l ,   and  means  f o r  

r e c o r d i n g   s a i d   m u l t i p l e x   s i g n a l .  

2.  A  c o l o r   v i d e o   s i g n a l   r e c o r d i n g   sys tem  as  c l a i m e d  

in  Cla im  1 ,  w h e r e i n   the  q u a d r a t u r e   t w o - p h a s e   b a l a n c e -  

m o d u l a t e d   c o l o r   s i g n a l   and  the  d e m o d u l a t i o n - p u r p o s e   r e f e r -  

ence   p h a s e   s i g n a l   are   s e l e c t e d   to  have  the  f r e q u e n c y   l o w e r  

t h a n   the   l o w e r   band  of  the  c a r r i e r   l u m i n a n c e   s i g n a l .  

3.  A  s y s t e m   for   r e p r o d u c i n g   a  c o l o r   v ideo   s i g n a l  

r e c o r d e d   on  a  r e c o r d i n g   medium,  s a i d   c o l o r   v ideo   s i g n a l  

b e i n g   p r o v i d e d   by  m u l t i p l e x i n g   a  q u a d r a t u r e   t w o - p h a s e  

b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l   o b t a i n e d   by  s u b j e c t i n g   a  

s u b c a r r i e r   to  q u a d r a t u r e   t w o - p h a s e   b a l a n c e d   m o d u l a t i o n   by 



two  c o l o r   s i g n a l s   and  a  d e m o d u l a t i o n - p u r p o s e   r e f e r e n c e  

p h a s e   s i g n a l   wh ich   has  the  same  f r e q u e n c y   as  t h a t   of  s a i d  

s u b c a r r i e r   and  which  is  to  be  f r e q u e n c y - i n t e r l e a v e d   w i t h  

s a i d   q u a d r a t u r e   t w o - p h a s e   b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l  

t o g e t h e r   w i t h   a  c a r r i e r   l u m i n a n c e   s i g n a l ,   s a i d   r e p r o d u c i n g  

s y s t e m   c o m p r i s i n g  m e a n s   fo r   s e p a r a t i n g   s a i d   c a r r i e r   l u m i -  

nance   s i g n a l ,   s a i d   m u l t i p l e x e d   q u a d r a t u r e   2 - p h a s e   b a l a n c e -  

m o d u l a t e d   c o l o r   s i g n a l   and  s a i d   d e m o d u l a t i o n - p u r p o s e   p h a s e  

s i g n a l ,   and  means  for   d e m o d u l a t i n g   s a i d   q u a d r a t u r e   2 - p h a s e  

b a l a n c e - m o d u l a t e d   c o l o r   s i g n a l s   on  the  b a s i s   of  the   s e p a r a t e d  

r e f e r e n c e   phase   s i g n a l .  
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